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AI
Abuse of language

AI growth

[WIPO Technology Trends 2019]
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AI and environment

2 communities
• AI for green : AI as a tool for sustainable development
• green AI : measure and reduce AI impacts
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Tackling climate change with machine
learning [Rolnick et al., 2019]

826 references in 13 domains
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Tackling climate change with machine
learning [Rolnick et al., 2019]

Techno-optimist perspective.
But uncertain impacts and Jevon’s paradox are mentioned :
• Transportation : "autonomous vehicles could cause people to

drive far more"
• Industry : "it is worth noting that greater efficiency may

increase the production of goods" and thus GHG emissions"
• Farms and forests : "making forestry more efficient can have a

negative effect by increasing the amount of wood harvested"
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Tackling climate change with machine
learning [Rolnick et al., 2019]

Recommendations are proposed :

“In all these cases, projects should be pursued with great care so as
not to impede or prolong the transition to a low-carbon electricity
system ; ideally, projects should be preceded by system impact
analyses to ensure that they will indeed decrease GHG emissions.”
p10

“When designing and promoting new mobility services, it is
important that industry and public policy prioritize lowering GHG
emissions. Misaligned incentives in the early stages of technological
development could result in the lock-in to a service with high
GHG emissions” p15
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Role of AI in achieving the Sustainable Development Goals
17 sustainable development goals

444 references for 169 goals
Some surprising aspects
• agriculture :"Blockchain technologies have been identified in

the literature as offering potential to support vulnerable
individuals and communities with affordable, secure and trusted
documentation relating to rights or ownership over land"
• energy efficiency : mostly everything is positive !

[Vinuesa et al., 2020]
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Relation with narratives on decoupling

"Un peu de croissance
pollue, beaucoup de
croissance dépollue" -
Laurence Parisot
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Measuring impacts while training (green AI)
Method 1 : FPO (floating-point operations, i.e. number of basic
operations)[Schwartz et al., 2020, Canziani et al., 2017,
Henderson et al., 2020]
• Reflects the amount of calculations, Partially correlated with

execution time, hardware independent
• Not completely correlated to energy consumption
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Measuring impacts while training (green AI)

Method 2 : Measuring energy use
[Schwartz et al., 2020, Canziani et al., 2017]

Etotal = PUE (Edram + Ecpu + Egpu)

then convert it to CO2e

CO2e = EmissionFactor ∗ Etotal
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Some existing tools

https://mlco2.github.io/impact/
http://www.green-algorithms.org/
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Some existing tools : code

codecarbon (mlco2)
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Some results
• 4 NLP models (natural language processing) [Strubell et al., 2019]
• Estimated energy consumption while training

Conclusions from authors
• Need for cost-resource/accuracy analysis
• Public and shared computing resources for academics (price)
• Development of less consuming hardware and algorithms
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Limits of existing works

• AI community not well aware of existing works on impacts
• Mono-criterion
• Perimeter : electricity consumption during training
• Promises
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Reducing AI impacts (green AI)

• Reduce number of parameters of neural networks, size of
datasets, etc
• Frugal / sober AI → 24th-25th November in Grenoble
• Dismantle AI [Couillet 2022]

Julien Lefèvre Bénéfices/risques de l’IA pour l’environnement : Que faire en contexte d’incertitude ? 17/42



2 - How to evaluate AI services dedicated to environment ?



Context How to evaluate AI Literature study Remise en perspective

Lifecycle of an AI service

AI service

Application involving AI
(autonomous vehicle
smart building...)Data

acquisition
and

production

Learning Inference

Data
storage

equipment1
(computer...)

equipment2
(supercomputer...)

equipment3
(mobile...)

equipment4
(Data centers...)
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Environmental impacts of a service
The lifecycle assessment (LCA) of a service relies on :
• LCAs of the equipments/devices involved in the service
• allocation procedures (keys) to determine the fraction of the

impacts attributed to the service.

Life cycle assessment (LCA) of an equipment

Production
of equipmenti

Use
of equipmenti

End of life
of equipmenti

Recycling

Electricity
production

GHG emission, minerals and water depletion...
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Environmental benefits of an AI solution

The (potential) benefits of an AI solution M2 which is a substitute
for a reference solution M1 (typically without AI) are deduced from
a comparative LCA :

∆(M2|M1) = LCA(M2)− LCA(M1) ∈ Rd (1)

Common pitfalls in such evaluations :
• focusing on a single environmental criterion (burden shift)
• restricted perimeter
• generalization of contextual solutions/benefits
• third-order effects (e.g. rebound effects) are overlooked.
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Example : a smart-building

Commonly overlooked aspects :
• lifecycle impacts of devices (sensors, DC, networks, ...)
• impacts of the training phase
• what are the impacts of the smart solution(s) on the design of

the building ?
• are claimed energy gains reliable in the operational context ?
• is the solution(s) applicable to old buildings ?
• human interactions : rebound effects, counteracting behaviors.
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Is AI for green aware of its own impact ?

If yes, how is it measured ?
Do the authors are able to say that a new solution is better than an
old one ?

[Rolnick et al., 2019]
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Case studies
Analysis of several domains in [Rolnick et al., 2019] identified with
"high leverage" (Modelling demand/freight, Electric vehicle, Low
carbon, Smart buildings).

57 articles have an environmental evaluation following the
categories :

a No mention of the environmental gain.
b General mention of the environmental gain.
c No quantitative evaluation or only indirect estimation.
d Evaluation of the energy gain without the AI program.
e Evaluation of the energy gain taking the use phase of the AI
service into account.

f Comprehensive evaluation of the environmental gain
(comparison of LCAs).
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A few examples

Guess which category ! :-)

ML methods : Bayes classifier, Hiden
Markov Model Deep Learning
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Main result

We found no studies that follow the categories :
e Evaluation of the energy gain taking the use phase of the AI
service into account.

f Comprehensive evaluation of the environmental gain
(comparison of LCAs).
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How to evaluate AI services dedicated to environment ?

a No mention of the environmental gain.
b General mention of the environmental gain.
c No quantitative evaluation or only indirect estimation.
d Evaluation of the energy gain without the AI program.
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To summarize

• Framework to evaluate the direct impacts of AI for green
applications
• The analysis of literature on AI has raised several issues
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Discussion

• Current Environmental Evaluation of AI Services is
Under-Estimated (mostly energy/GHG)
• Many unknowns in the LCA (e.g. production of GPU)

=> AI community should lobby the companies to open a part
of their data
• Large structural changes (Third-order effects) are difficult to

take into account e.g through the IoT whose large deployment
may impact material demand (Lithium, Cobalt...)
=> Consequential LCA instead of attributional LCA
• Narratives about dematerialization and techno-solutionism

=> Many scientists question techno-solutionism as the only
answer to the environmental emergency.
=> The promises suggested by these new technologies should
be more debated.
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4 - Remise en perspective
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Que faire, en contexte d’incertitudes ?

"Que faire ?"
• Question récurrente, au niveau des individus, après une prise

de conscience écologique.
• Question a priori moins habituelle dans l’ESR où créer et

transmettre du savoir n’est pas toujours perçu comme relevant
d’un "faire".
• Fondement même de la politique (politikos/politeia)

La question peut être abordée au travers des différent.e.s
acteurs.rices impliqué.e.s : décideurs, industriels, scientifiques,
citoyen.ne.s. (inspiration atelier SEnS)
On reste dans le cadre du numérique en élargissant un peu la
perspective (risques sociétaux, démocratiques etc).
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4 - Remise en perspective

Agir du point du/de la citoyen.ne
• Ecogestes
• Sobriété
• Boycott

Selon carbone4, les actions individuelles vertueuses pourraient
conduire à une réduction d’un quart des émissions GES.
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4 - Remise en perspective

Agir du point de vue des décideurs
• Rapports en amont, exemples : rapport Villani (2018), rapport

IoT (2022)
• Autorités de régulation (ARCEP)
• Feuille de route du numérique (2021)
• Loi REEN (2021)

Innovation politique via la convention citoyenne pour le climat et le
moratoire sur la 5G.
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4 - Remise en perspective

Agir du point de vue des industriels
• Contraintes de rentabilité économique
• Ecueil du greenwashing, via le discours sur l’efficacité
• Lobbying hasardeux (exemple : le Metavers et ses bénéfices sur

l’environnement)

Moratoire pour proposer une pause sur l’apprentissage d’IA géante.
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4 - Remise en perspective

Agir du point de vue de la/du scientifique
• Utiliser ses compétences pour développer des projets de

recherche en lien avec l’écologie (risque de greenwashing).
• Compte tenu de l’incertitude sur les impacts de l’IA/du

numérique, aller vers plus d’études ou d’analyses pour
permettre une meilleure quantification (labos1point5, ecoinfo).

Proposer des recommandations (exemple : document de cadrage
Évaluation environnementale de projets impliquant des méthodes
d’IA par ecoinfo)
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4 - Remise en perspective

Agir avec reflexivité
• La production, d’artefacts ou même de connaissances s’inscrit

dans un tissu d’act.eur.rice.s, avec des dépendances, des
rapports de force, des discours etc
• Prendre conscience de cet écosystème, l’étudier et en tirer un

discours critique fait partie d’une activité réflexive
• C’est un des sujets d’intérêt des atecopols (Toulouse, Paris,

Marseille etc)
En parallèle et en lien avec un renouveau de la pensée
techno-critique des années 70 (Ellul, Illich, Gorz...) avec du sang
neuf (F. Jarrige, J.B. Fressoz, A. Monnin, F. Lopez...)
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Diversité des formes d’action

[Racimo et al., 2022]
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Pour finir : Un projet réflexif ?

What Neuroscience in the Anthropocene era ?
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Recent initiatives of scientists
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